Introduction: This research focuses on development and optimization of dipyridamole (DPM) gastroretentive (GR) floating matrix tablets through risk-based approach using combination of rate controlling hydrophilic polymers. Materials and Methods: A 3 2 full factorial design was deployed to optimize ratio of polymers and polymer concentration in the formulation. Dissolution studies, Buoyancy studies, swelling index studies, kinetic modelling, drug content, and differential scanning calorimetry studies were performed to effectively assess developed gastroretentive dosage form. Estimation of related substances was also done for optimized formulations to check the stability of dosage form during shelf life. Results and Discussion: Buoyancy studies suggested that concentration of PanExcea™ GR polymer should be at least 25% w/w or more to get better floating and swelling capabilities if used alone as rate controlling polymer. Selection of optimum batches was done using constraintbased graphical optimization technique. The optimum batches exhibited desired extended drug dissolution profile, minimal floating lag time, and total floating time of >12 h. Thermal characterization studies also preclude any drug polymer interaction and change in polymorphic form of drug during manufacturing process. Stability studies indicated optimized formulations are stable under selected packaging configurations. Conclusion: The present research exemplifies successful application of quality by design approach in designing gastroretentive dosage form of DPM. From the present study, it can be concluded that selection of appropriate ratio and concentration of hydrophilic polymers play a pivotal role in matrix integrity, buoyancy, swelling potential as well as drug release profile of GRDDS.
INTRODUCTION
O ral drug delivery systems are considered as most favorable drug delivery system due to ease of administration, good shelf life, and patient compliance. Among them, there is a consistent interest increasing toward developing controlled release (CR) drug delivery systems to decrease dosing frequency, decrease fluctuations in plasma concentrations, and thereby to improve patient compliance. However, during the development of such dosage forms, one might face challenges such as (i) difficulty to retain dosage form in stomach for sufficient period when required and (ii) incomplete drug absorption resulting in therapeutic variability. Hence, there is a tremendous interest in developing gastroretentive (GR) dosage form with various approaches [1] such as floating dosage forms, bioadhesive dosage forms, raft forming systems, swelling, and expanding systems. Among them, floating dosage forms remain buoyant in the stomach and provide extended drug release along with better control over plasma drug level fluctuations. [2] ORIGINAL ARTICLE Stroke is a serious, common, age-related health problem [3] that accounts for 1 of every 20 deaths in the US and was the second major cause of mortality behind heart disease in 2013, considered for 11.8% of total deaths worldwide. [4] Dipyridamole (DPM) is indicated for post-operative thromboembolic complications of cardiac valve replacement in combination with coumarin anticoagulants [5] and also to reduce the risk of stroke in patients. [6] Recommended dose is 75-100 mg 4 times a day with coumarin anticoagulants (warfarin) or aspirin. [6] Hence, there is a considerable interest to develop extended release formulation of DPM to reduce dosing frequency with easily scalable, simple and cost-effective technology.
DPM is having pKa value of 6.4. [7] It is having aqueous solubility of 5 µg/ml at neutral pH (pH 7.0) which rises up to 29 mg/ml at pH 2.5. [8] Russell et al. [9] reported that gastric pH appeared to be primary determinant in DPM absorption in elderly. Therefore, sufficient gastric acidity is a prerequisite for adequate dissolution and subsequent absorption of the drug in vivo. [10] Hence, several efforts reported in literature to provide extended release DPM in stomach using several gastro-retentive approaches, viz., floating tablets prepared using blend of xanthan gum and guar gum, [11] different grades of hydroxypropyl methylcellulose, [12] polyethylene oxide, [13] floating alginate beads, [14] gastro-floating pellets using Eudragit NE 30D, [15] and floating osmotic pump. [16] Development of GR systems involves multiple factors such as selection of system, selection of release rate retarding polymer, optimum concentration of polymers, selection of suitable manufacturing method, and physicochemical characterization. Optimizing such systems using one factor at a time (OFAT) approach is a strenuous effort which demands great deal of money, time and energy. [2, 17] Hence, in the present investigation, attempts were made to develop gastroretentive (GR) floating effervescent tablets of DPM using unique combination of two different polymers using quality by design (QbD) approach. As described in literature, use of polymer blends is a more suitable approach to modulate drug release profile for hydrophilic matrix tablets. [18] In the present study, release rate modulating effect of novel biopolymer PanExcea™ GR was investigated in combination with Methocel TM K4M Premium CR (hypromellose 2208). PanExcea™ GR is a biopolymer isolated as a purified fiber rich fraction from fenugreek (Trigonella foenum graceum) husk with a proprietary technology. [19, 20] PanExcea™ GR polymer is reported to have viscosity in the range of 6000-12000 cps for 1% solution and bulk density in the range of 0.05-0.25 g/ml. Sample lot of the same polymer is having bulk density of 0.09 g/ml, Carr's index of 29.412% and Hausner's ratio of 1.417 indicating poor flow characteristics of the material as per USP General Chapter <1174> Powder flow. To improve flow properties of the blend, it was decided to go with slugging of the blend followed by milling, lubrication and compression approach for tablet preparation.
The major aims of present investigation were (i) determination of quality target product profile (QTPP) and quality risk assessment using failure mode effect analysis (FMEA), (ii) formulation optimization using full factorial design and characterization of dosage form, (iii) risk mitigation and control strategy for moderate to high risk factors identified initially. In addition, stability study of optimized formulations was also performed.
MATERIALS AND METHODS

Materials
DPM was obtained as gratis from Emcure Pharmaceuticals Ltd. PanExcea™ GR (PGR) (Avantor Performance Materials Inc.), hydroxypropyl methylcellulose (K4M) (Methocel ™ K4M Premium CR, Dow Chemicals), crospovidone (Polyplasdone XL, Ashland), lactose monohydrate (Supertab 30 GR, DFE), sodium bicarbonate (Church & Dwight Inc.), and magnesium stearate (Ligamed MF-2-V, Peter Greven) were utilized as excipients for formulation development. All other chemicals and reagents were of analytical grade and utilized as received.
Methods
QTPP of DPM gastroretentive floating tablets
QTPP can be served as a basis for the systematic development of patient-oriented dosage form. As defined in ICH Q8 (Pharmaceutical Development), [21] [22] [23] QTPP should be defined to meet patients' needs and the intended product performance. QTPP for the DPM gastroretentive floating tablets is defined in Table 1 .
Identification of critical quality attributes (CQAs) and quality risk assessment using FMEA CQAs of the product are the characteristics which should be within appropriate limit or range to ensure desired product quality (ICH Q8). [21] For solid oral dosage forms, they are the aspects which can affect product purity, strength, drug release, and stability. Potential CQAs can be ascertained based on product knowledge and process understanding. For present dosage form, assay, drug dissolution, floating lag time, and total floating time were determined as drug product CQAs.
A quality risk assessment of formulation components was executed using FMEA approach using which failure modes can be prioritized based on their seriousness of consequences, frequency and ease of detection. [24] [25] [26] The results of FMEA are represented in Table 2 in the form of risk priority numbers (RPNs) which can be used to rank the risk. It is calculated as mentioned below: 
Where O is the occurrence probability ranked as 5 (frequent), 4 (probable), 3 (50% chance of occurrence), 2 (remote), 1 (unlikely to occur); S is the severity of effect which a given failure mode can cause -ranked as 5 (severe), 4 (critical), 3 (moderate), 2 (minor) and 1 (no effect); D is the detectability which is ranked as 5 (hard to detect), 4 (remotely detectable), 3 (moderately detectable), 2 (highly detectable), and 1 (easily detectable). Preparation of DPM gastroretentive floating tablets DPM (30% w/w) was mixed with required quantity and type of polymer (as per design), sodium bicarbonate (7% w/w), crospovidone (polyplasdone XL) (10% w/w), and filler (Lactose monohydrate) co-sifted through 30 mesh sieve (ASTM). Co-sifted material was further mixed in laboratory blender for 15 min. The resultant blend was further lubricated with 60 mesh (ASTM) passed magnesium stearate (0.5% w/w) in laboratory blender for 5 min. The lubricated blend was slugged using 21 × 11 mm capsule shaped punches on 17 station compression machine (Cadmach CMB 4-MT). The slugs were further milled using 1.2 mm sieve using multimill at medium speed, knives forward setting. Milled material was again lubricated with 60 mesh (ASTM) passed magnesium stearate (0.5% w/w) in laboratory blender for 5 min. The resultant blend was free flowing and further compressed using 12 mm round standard concave punch sets at 500 mg target weight. In the present formulation, sodium bicarbonate was used to generate carbon dioxide to increase buoyancy and crospovidone as swelling agent [27] as well as to increase hydration capacity [28] of tablets. The levels of sodium bicarbonate and crospovidone were fixed at 7% w/w and 10% w/w respectively.
Full factorial design
A 3 2 full factorial design was selected in optimization of the formulation. In the present investigation, ratio of PGR and K4M (X1) and total content of both rate controlling polymers (%w/w) (X2) were selected as independent variables. The assay, floating lag time, % drug release at 1 h (Q1), 4 h (Q4), 8 h (Q8), and 12 h (Q12) were selected as dependent variables to define design space. Additional responses measured were total floating time and swelling index. The experimental design with corresponding compositions is outlined in Tables 3 and 4 . Ratio of PGR:K4M was studied at 0:1 (−1), 0.5:0.5 (0) and 1:0 (+1) while total content of single or both polymers (as per design) was studied at 20% w/w (−1), 30% w/w (0) and 40% w/w (+1) of total tablet weight. In case of two independent variables, first order model in terms of coded variables [29] is described as:
Where Y is the dependent variable, b 0 is the intercept whereas b 1 and b 2 are the estimated coefficients for the factors X1 and X2, respectively. The main effect (X1 and X2) represents the average result of changing OFAT from its low to high value. Experiment sequence was generated and randomized using Design Expert ® Ver.9.0.0.7 (Stat-Ease Inc., Minneapolis, MN 55413) software to avoid any bias. Table 5 lists studied responses and their constraints.
Statistical analysis
The statistical analysis of factorial design batches was performed by Design Expert ® Ver.9.0.0.7 (Stat-Ease Inc., Minneapolis, MN 55413) software. All statistical analyses regarding DOE (Design of Experiment) batches were performed using the same software. Response surface plots, overlaid contour plots were generated using the same software.
Physical characterization of the tablets
The prepared tablets were tested for appearance, weight variation, thickness, hardness, and % friability. Weight variation was performed on 20 tablets of each batch using Mettler Toledo electronic balance. Tablet thickness and hardness were performed using Mitutoyo vernier calliper and Erweka hardness tester, respectively. % friability was measured on total 14 tablets of each batch using Inweka friability tester for 100 revolutions at 25 rpm.
In vitro buoyancy study
The in vitro buoyancy was characterized by floating lag time and total floating time. The test was performed using USP 
# Each batch also contains 30% w/w dipyridamole, 10% w/w crospovidone, 7% w/w sodium bicarbonate, 1% w/w magnesium stearate and quantity sufficient of filler (lactose monohydrate) to make tablet weight 500 mg. *% polymer content includes total content (% w/w) of single or both polymers (PGR and K4M) of total tablet weight. PGR: PanExcea™ GR type II Paddle apparatus using 900 ml of 0.1N HCl at paddle rotation of 50 RPM at 37±0.5°C. The time required for tablet to rise to surface of dissolution medium after drop into flask and duration of time the tablet constantly float on dissolution medium were noted as floating lag time and total floating time, respectively (n = 6).
Assay of tablets
Preparation of standard solution
Transfer accurately weighed quantity of about 28 mg of DPM working standard to a 50 mL volumetric flask. Add about 40 ml of 0.1N HCl and sonicate to dissolve. Cool to room temperature. Make volume up to the mark with 0.1N HCl and mix to prepare stock solution of working standard. Pipette out 4 ml of stock solution into another 50 ml volumetric flask and make volume up to the mark with 0.1N HCl. Measure absorbance at 405 nm using 10 mm cell, against 0.1N HCl as a blank on double beam ultraviolet visible (UV/VIS) spectrophotometer (Shimadzu UV-1800).
Preparation of sample solution
Find out average weight of 20 tablets and crush to make fine powder. Mix the powder and transfer accurately weighed quantity of powder equivalent to 750 mg DPM into 250 ml volumetric flask. Add about 170 ml 0.1N HCl into a volumetric flask and sonicate for 30 min with intermittent shaking. Dilute up to mark with 0.1N HCl. Centrifuge resultant suspension at 3000 rpm for 10 min. Then, pipette out 3 ml supernatant solution into 200 ml volumetric flask and dilute up to the mark with 0.1N HCl. Measure absorbance at 405 nm using 10 mm cell, against 0.1N HCl as a blank on double beam UV/VIS spectrophotometer (Shimadzu UV-1800).
Assay of tablets can be calculated using formula mentioned in equation (3): 
In vitro drug release study
The in vitro drug release study was performed using USP Type II (Paddle type) dissolution apparatus (Electrolab) using 900 ml 0.1N HCl at paddle rotation of 50 rpm at 37±0.5°C. The aliquots were autosampled at predetermined time intervals for up to 12 h and replaced with fresh medium. The samples were filtered through 0.45 µ Millipore Millex HV PVDF filter, suitably diluted and analyzed at 405 nm using 10 mm cell, against 0.1N HCl as a blank on double beam UV/VIS spectrophotometer (Shimadzu UV-1800).
Determination of Swelling index (Sw)
Swelling studies were conducted using Electrolab dissolution apparatus (USP II Paddle). 50 rpm rotation was applied. Preweighed tablets were immersed in 900 ml of 0.1N HCl and maintained for 12 h at 37.0 ± 0.5°C. At predetermined time intervals (2,4,8 and 12 hr), the swollen tablets were removed from the media, gently wiped with a tissue paper to remove excess surface droplets and weighed. The swelling index (Sw) was calculated according to the following equation:
Where W0 is the initial weight of the dry tablet and Wt is the weight of swollen tablet at time t.
Kinetics of drug release
To study drug release mechanism from tablets, various kinetic parameters were obtained by fitting dissolution data [30] For Korsmeyer-Peppas model, data were fitted for first 60% drug release. Goodness of fit of each model was evaluated using adjusted R 2 (Correlation coefficient) values because R 2 will always increase as more parameters are included, whereas R 2 adjusted may decrease when overfitting has occurred. [24, 30] Akaike information criterion (AIC) AIC has been used for years in selecting optimal models. The AIC is dependent on the magnitude of the data as well as the number of data points. It is defined as mentioned below: [30] AIC = n*ln(WSS)+2*p
Where n is the number of data points, WSS is the weighted sum of squares, and p is the number of parameters in the model. Model with lower AIC value can be considered a better model when comparing two different models with different number of parameters.
Thermal characterization (differential scanning calorimetry [DSC] studies)
To investigate thermal behavior of pure drug and combination of drug with different ratio of polymers along with other excipients in tablets, DSC of samples was performed using DSC instrument (Pyris 6 DSC, Perkin Elmer). Indium was used as a standard for calibration. Samples including about 2.0 mg pure API, powder of compressed tablets of different batches were placed in hermetically sealed alum pans and scanned at 10°C/min from 30°C to 300°C under nitrogen purge (30 ml/min).
Related substances estimation
Selected optimized batches were tested for related substances using analytical method reported by Vaghela et al. [31] as mentioned briefly in Supplementary 1.
Packaging and stability studies
The optimized batch tablets were packed in HDPE (highdensity polyethylene) bottle with CR (child resistant) cap and PVC (250 µ)-Alu Blisters. Both packs containing samples were subjected for accelerated (40°C/75% RH) and long term (25°C/60% RH) stability conditions up to 6 months. The samples were withdrawn periodically (0, 90 and 180 days) and evaluated for appearance, hardness, floating lag time, total floating time, assay, and drug dissolution.
RESULTS AND DISCUSSION
QTPP and quality risk assessment by FMEA QTPP was defined based on type of formulation and process selected for the same. QTPP for DPM gastroretentive dosage form is enlisted in Table 1 . Based on QTPP, CQAs were determined (drug dissolution, assay, floating lag time, and total floating time) for the same dosage form. Table 3 depicts the formulation factors and their levels which were considered in the design and development of DPM floating matrices. As discussed in literature, factors having RPN ≥40 were considered as high risk, RPN ≥20 to <40 were considered as medium risk, <20 were considered as low risk. [32] Weight variation, hardness, and powder flow were identified as less risk factors. Ratio of rate controlling polymer and amount of rate controlling polymer were identified as high-risk factors and therefore studied in detail using DOE to identify optimum levels. Packaging configuration was identified as a moderate risk factor and therefore studied in detail in packaging and stability studies section.
Physical characterization of tablets
All physical parameters were found to be satisfactory. The tablets weighed 500 mg ± 2% had an average diameter of 12.00 ± 0.05 mm, thickness of 5.80 ± 0.20 mm, and hardness of 5-6 kP (kiloponds). % Friability was <0.02 for all batches. Table 6 summarizes effect of polymer ratio and polymer content on various measured responses.
Effect of factors on the responses
Buoyancy studies
As shown in Table 6 , studied formulation variables did not have any significant impact on floating lag time since tablets of all batches were having reasonably very good floating lag time of <1 min. Also except for batch no. OB-10, all batches were having very good floating time of >12 h. This indicates very good floating capacity of all matrices except OB-10. Floating lag time and total floating time did not differ between different polymer ratio and total polymer content. This study ensured that both polymers have sufficient swelling and hydrophilic gel formation capacity which entraps bubbles of carbon dioxide inside the swollen matrix for extended period and hence sufficient floatation in media. Less floating time for OB-10 may be attributed to less polymer content of tablet and hence less swelling as well as rapid erosion of tablet matrix in drug release media. This study also emphasized that if only PGR is to be used as rate controlling hydrophilic polymer without any combination, polymer level should be at least 25% w/w or more to ensure sufficient swelling and floating capacity of tablets.
Assay
Results of assay of experimental batches are shown in Table 6 . From the data, it can be concluded that neither polymer ratio nor polymer level has any significant impact on assay of tablets. All assay values were found to be well within target range of 95-105%.
In vitro drug release studies
Results of in vitro drug release studies are mentioned in Table 6 . ANOVA results and regression coefficients of measured responses are given in Table 7 .
From the results shown in Table 6 and 3D response surface plots shown in Figure 1 , it can be concluded that although quadratic effect is seen in case of floating lag time, practically there was no significant impact because all lag time values were found to be <60 s. Furthermore, there was no significant impact on assay of tablets.
From the response plots and data shown in Table 6 , it can be concluded that as % of PGR polymer increased in combination with K4M polymer, drug dissolution increased. One of the plausible reasons to explain this phenomenon is greater porosity of PGR polymer. Dissolution data also uncovered greater degree of hydration capacity of PGR polymer in comparision with K4M polymer. Due to increased hydration of PGR polymer, it rapidly allows media inside the swollen matrix and allows drug release at faster rate. A similar study was reported in the literature with combination of xanthan gum and guar gum for DPM floating matrix tablets. [11] They reported that increased guar gum concentration leads to rapid hydration of matrix and ultimately higher drug release.
Furthermore, it was ascertained that drug dissolution tended to decrease with increased total polymer content. This phenomenon can be appertained to increased swelling and gelation of diffusion matrix with increased polymer level. This ultimately formed highly viscous swollen gel layer around tablet and decreased drug release. Furthermore, it was noteworthy to study the fact that in present dosage form, as content of rate controlling polymer increases, lactose monohydrate concentration decreases to maintain constant tablet weight. This ultimately led to decreased pore formation and therefore decreased penetration of dissolution medium inside swollen floating matrices with increased polymer content.
Results of ANOVA revealed that both the factors X1 and X2 have a significant impact (P < 0.05) on all studied time points of drug dissolution. Model was linear with nonsignificant lack of fit at all time points for drug dissolution. The predicted R 2 was in reasonable agreement with adjusted R 2 for all studied time points. Adequate precision values are also >4 which is desirable. Same model can also be utilized to explore the design space. Coefficients of multiple regression analysis as shown in Table 8 revealed that polymer ratio has positive effect (increased drug release) at all dissolution time points, and polymer content has negative effect on drug dissolution. 
Above equations can be utilized to predict % drug dissolution at respective time points with different levels of factors within studied range. 
Swelling index study
Swelling index study was performed up to 12 h in 0.1N HCl media. Results are shown in Figure 2 . Batch no. OB-5 was found to have very good swelling index of 2.99 (at 12 h) which indicates higher swelling with K4M at concentration of 40% w/w in comparison with swelling index of 2.23 (at 12 h) of PGR at the same concentration (batch no. OB-2).
Comparably low swelling index of PGR polymer can also be due to swelling followed by rapid erosion due to rapid polymer chain disentanglement, whereas K4M showed slow polymer chain disentanglement and slow drug release profile. The swelling index data are also in good agreement with dissolution data which exhibits comparable slow drug release profile with OB-5 batch. Swelling index of batch no. OB-10 could not be determined due to loss of matrix integrity after 2 h in 0.1N HCl media. However, dosage form can be manufactured using mixture of both polymers at varying concentrations to achieve optimum swelling as well as desired drug release profile. 
Curve fitting and drug release kinetics
Results of kinetic modelling of drug release data are mentioned in Table 9 . Models were compared for individual batch using their adjusted R 2 value and AIC value. Fittest model data (R 2 adjusted and AIC) are shown in bold letters.
Although three models namely Korsmeyer-Peppas power law, Weibull and Peppas-Sahlin model displayed good adjusted R 2 value (>0.99), criteria of AIC was applied to select the fittest model for dissolution data to keep analysis independent of number of parameters between models. Models showing lowest AIC value were termed as fittest. From the data, it can be concluded that drug release data of batches containing only PGR as rate controlling polymer showed a good fit to Weibull model up to 30% w/w concentration, i.e., showing parabolic release pattern (β < 1, case 3), [30] whereas drug release from batch containing 40%w/w PGR polymer fitted well to Peppas-Sahlin model and showed Fickian diffusion predominantly over Case II relaxational transport through polymer chains. [33] Drug release kinetics of tablets containing only K4M as a rate controlling polymer (OB 5 and OB 7) are construed well by Weibull model for 20% and 40%w/w polymer content, respectively. Both batches showed parabolic release pattern (β < 1, case 3). OB 8 (30% w/w K4M) showed case II relaxational release due to positive value of k2. [30, 34, 35] Batches containing 0.5:0.5 ratio of both polymers at total 30% w/w (OB 1 and OB 3) showed Weibull type drug release, whereas drug release kinetics of batches containing 20% w/w (OB 4) and 40% w/w (OB 9) can be best described by Korsmeyer-Peppas power law equation. Both batches exhibited anomalous or non-Fickian transport. Figure 3 shows overlay of DSC thermograms of pure API, tablets containing only PGR as rate controlling polymer, tablets containing only K4M as rate controlling polymer and tablets containing both rate controlling polymers. Both the API (DPM) as well as tablets containing different polymers along with DPM exhibited sharp endothermic peak around 168°C which is melting point of DPM. It indicates the absence of any physicochemical incompatibility between drug-polymer and also the absence of change in polymorphic form of drug during manufacturing process. Furthermore, all three tablets exhibited characteristic small sharp endothermic peak around 147°C which is due to dehydration of the monohydrate form of lactose (i.e. loss of crystalline water). This finding was well-anticipated and pretty in-line with DSC studies of different grades of lactose reported in literature. [36] Graphical optimization of measured responses (overlay plot) Design Expert ® Ver.9.0.0.7 (Stat-Ease Inc., Minneapolis, MN 55413) has in-built option for graphical optimization which frames "design-space" based on given constraints for measured responses. Based on available data for dissolution studies, "overlay plot" as shown in Figure 4 was obtained through graphical optimization. Design space is shown in yellow color. Independent factors with levels selected within design-space yield desired results within given specifications. From the data, batches OB 2 (PGR:K4M ratio 1:0, polymer content 40% w/w), OB 3 (PGR:K4M ratio 0.5:0.5, polymer content 30% w/w), and OB 7 (PGR:K4M ratio 0:1, polymer content 20% w/w) were found to be optimum batches.
Thermal characterizaion using DSC
Checkpoint batches and cross-validation of DOE model
Three experiments were performed at varying polymer ratio and content at values other than those used in experimental design to check reliability of the model. The experimental values and predicted values for each response were shown in Table 10 . Bias or % relative error was calculated for each response as per following equation; [24, 37] From the data, it can be deduced that the equations satisfactorily demonstrate influence of formulation variables on the responses of the study due to fairly good agreement between the predicted and experimental values in all three checkpoint batches and low value of bias. Assay of all checkpoint batches was found to be in the range of 98.5-99.9. Floating lag time was also found to be <30 s for all batches.
Packaging and stability study
The optimized batches exhibited negligible change under stability conditions for parameters such as appearance, hardness, assay, floating lag time, total floating time, related substances, and drug dissolution for both packs (bottles and blisters). Assay of all stability samples was ranged between 98.6% and 99.8%. The similarity factor (f2) was employed for comparison of dissolution profiles of different stability stations with initial samples. It was found to be >80 for all samples. Known impurities and unknown impurity for all optimum batches were also found to be less than limits specified by ICH Q3B (R2) [38] for initial and stability samples. Thus, it can be concluded that selected batches are stable under both packaging configuration and therefore risk is reduced from medium to low.
Risk mitigation and control strategy
3
2 full factorial design was utilized to investigate the effect of high-risk independent variables on dissolution to establish the design space. The design space is a multidimensional combination and interaction of input variables and process parameters where all product CQAs are met. [21] Risk mitigation and control strategy are based on how quality risk can be minimized based on product and process understanding as well as desired product quality can be achieved within studied design space.
From the data, it can be concluded that both the high-risk factors (polymer ratio [X1] and polymer content [X2]) have a significant impact (P < 0.05) on all studied dissolution time points (Q1, Q4, Q8 and Q12). For Q1, interaction effect was also observed. As the ratio of PGR:K4M increases from low (−1) to high (+1) level, % drug dissolution increases for the fixed polymer content. Also from the buoyancy studies and overlay plot, it can be inferred that both the polymers should be effectively utilized in optimum ratio and at corresponding optimum level (mentioned as yellow zone in overlay plot) to achieve desired drug release. Hence, working within this range, risk is reduced to low for both the factors. Risk mitigation strategy for the same is to monitor drug dissolution profile, and all the responses (Q1, Q4, Q8 and Q12) must be within constraints range.
For the packaging configuration, identified as moderate risk factor during initial risk assessment, the risk is reduced to low as depicted in respective section (packaging and stability studies). Figure 5 depicts FMEA analysis before and after implementation of control strategy. Furthermore, it is important to note that RPN of all probable moderate to high-risk factors fell below 20 after implementation of control stretegy which put them under low risk. Also further large-scale trials are necessary since currently developed design space was generated based on small scale lab trials which should be justified for use at scale-up and commercial level. In such a way established, design space can be further streamlined and enriched with better product and process understanding gathered throughout the product lifecycle.
CONCLUSION
Although there were tremendous efforts undertaken to develop gastroretentive drug delivery system of DPM to enhance solubility and provide CR over a period, formulation design presented here offers simple, costeffective, easily adoptable and scalable technology for industry. The present investigation describes overall QbD approach with risk identification and assessment using FMEA, formulation optimization using 3 2 full factorial design, kinetic modelling, risk mitigation, and control strategy. The optimized batches were having floating lag time ranging between 20 and 35 s, total floating time of >12 h and exhibited mean drug dissolution at Q1 between 12.42 and 22.46, Q4 between 45.62 and 58.49, Q8 between 64.86 and 72.74, and Q12 between 84.14 and 84.59. Developed formulation exhibited floating characteristics using both mechanisms CO 2 generation along with significant swelling and expansion capabilities thereby decreasing overall density of dosage form and hence looking to be more promising to exhibit gastroretentive potential in vivo. Furthermore, all high-risk failure modes were successfully shifted to low-risk category after establishment of design space and control strategy. The present formulation also serves as exemplar for triumphant paradigm shift in formulation development from conventional design to experimental design using systematic QbD approach. This investigation also extends scope of successful application of PanExcea™ GR polymer in developing extended release floating tablets of DPM in conjunction with methocel K4M premium CR. Although present optimized formulation manifested desired drug release profile in vitro and serves as a potential option to switch from immediate-release (IR) tablets to gastroretentive extended-release (ER) tablets, further pharmacokinetic assessments/clinical studies are essential to demonstrate its efficacy in vivo. The present formulation strategy can also be extended to develop future CR dosage forms of other molecules which can be benefited in terms of solubility, absorption and ultimately increased bioavailability by stomach targeted drug delivery. 
